phases, suspensions of about 5X109 cells/ml were irradiated with Co-60 r-rays in air at 5000 rad/min.
After irradiation, cells in numbers appropriate to produce 100 colonies per dish were plated on agar medium.
To study protection during anoxia, a continuous stream of nitrogen was bubbled through cell suspensions, commencing 10 minutes before and continuing throughout irradiation.
Mouse leukemic cells of L 5178 Y strain in exponential and stationary phases were used.
The cells suspended in Fischer' s medium containing 109/0 horse serum 7) were irradiated at various temperatures with Co-60 r-rays at a dose rate of 160 rad/min.
To study protection in the frozen state, dimethylsulfoxide (DMSO) was added in a concentration of 59,/9 by weight to prevent damages from freezing. Cell suspensions with and without protective agents were cooled at a rate of 1°C/ min$>. Cells in irradiated suspensions numbered approximately 2x105/m1 in the exponential phase and 1.5x10'/ml in the stationary phase.
After irradiation, the cells were plated in agar medium (0.12% agar by weight) containing 15 to 17% horse serum.
The colonies formed were counted after incubation for 8 to 10 days at 3TC. The plating efficiencies of unirradiated cells were about 80% in the ex ponential phase and 60% in the stationary phase at room temperature. The mean survival values of at least two experiments were plotted against four different doses and Do values were obtained by drawing the best fitting curve. Dose reduction factor (DRF) was calculated as the ratio of Do with protection to that without protection.
Protective agents included mercaptoethylamine
(MEA), mercaptoethylguanidine (MEG), cysteine (Cys), glutathione (GSH), thiourea (TU), thiosemicarbasite (TSC), dimethylsulfoxide, phenylalanine (Phe), glycerol and acetone. Though the latter three do not contain sulfur-atom, they were included for comparison purposes. The protective agents were added to the cell suspensions 5 to 10 minutes pre-irradiation and removed by centrifugation immediately after irradiation. The solutions were kept neutral throughout the experiments in all systems. Doses were measured with a Fricke dosimeter using a G-value of 15.5 for Co 60 r-rays').
RESULTS

Protection in Air
The dose reduction factors obtained are summarized in Table 1 . Exposure was at 22-24°C in air. The DRF value of about 4 in MEA protection was in good agree ment with those published for cultured mammalian cells10,11)Protective activity of MEA and MEG for E. coli in the exponential phase was significantly lower than that in the stationary phase. These two compounds were toxic for E. coli BH in the exponential phase, reducing the plating efficiency to about 50% by MEA 50 mM, and this toxicity may have been responsible for the lesser degree of protection. The cultured cells in the stationary phase are characterized by deficiencies of nutrients and oxygen"). However, the protection was comparable to that in the exponential phase. an cells under anoxic condition was essentially the same as that in bacteria, which will be published elsewhere. As shown in Figure  3 , the linear plott between re action rate with OH radicals and protective activity could be applied to cysteine but not to MEA.
These results indicate that the protection of thiourea and GSH is based mainly on their OH radical scavenging and that of cysteine is due to com petition with OH radicals and with oxygen. The protection by MEA may involve another mechanism in addition to the above. According to Johansen and Howard Flanders"), at low oxygen concentration, mercaptoethanol competed directly with oxygen, but at fully aerated conditions, its protective effect was assumed to be only by radical scavenging.
However, the competition with oxygen may be involved in the protection of MEA and cysteine, because of large reduction of DRF values in anoxia, and of the dependence of pro tection against oxygen on temperature and pH for these compounds. The latter will be published elsewhere.
The results shown in Figure 4 suggest that MEA is protective even against the direct action of radiation, although it is not clear how MEA does this action. The mixed-disulfide hypothesis of Eldjarn and Pih128) is one of the possible mechanisms.
After assuming the protective activity by OH radical scavenging was propor tional to the reaction-rate constant with OH radicals, and the reduction of DRF in anoxia was due to loss of competition with oxygen, the DRF values of MEA , cys teine, GSH and thiourea were calculated according to the protective mechanisms and are shown in Table 2 . Relatively low effective concentration of MEA in mam mals, compared to cysteine, GSH and thiourea shows the importance of protection against oxygen and the direct action of radication . 
